INTRODUCTION
Most viruses of vertebrates have a system of reproduction independent of the cell genome and multiply in cells, the DNA of which has been destroyed by u.v.-irradiation. Influenza virus, however, is incapable of reproduction in u.v.-irradiated cells (Barry, I964; Rott, Saber & Scholtissek, I965; White & Cheyne, I966 ) . Influenza virus is also incapable of multiplying in cells in the presence of actinomycin D (Barry, Des & Cruickshank, 1962; Rott et al. I965; White et al. I965; Ho & Waiters, I966; Pons, I967) and mitomycin C (Rott et al. I965; Nayak & Rasmussen, 1966) . These observations led Barry (1964) to suggest the direct participation of the genome of the host cell in the reproduction of influenza virus. On the other hand, Rott et al. (I965) as well as Scholtissek (I965) assumed that the inability of influenza virus to multiply in the presence of actinomycin D, mitomycin C or in cells treated with u.v.-irradiation was due to the destruction of the virus RNA by a direct effect of the antibiotic, or to some other factor in cell nuclei.
In the present work we report the results of a comparative study of the fate of influenza virus RNA labelled with 14C in unirradiated and u.v.-irradiated cells of chick embryo fibroblast cultures. The virus RNA penetrating into the nuclei of irradiated cells was practically completely degraded, possibly due to the increased RNase activity in the nuclei of irradiated cells.
METHODS
Viruses. Experiments were made with fowl plague virus (influenza A), WEYBRIDGE strain. The titre of the virus was determined by the plaque method in chick embryo fibroblast tissue culture, using the agar overlay of Porterfield & Allison 096o).
Tissue culture. Most experiments were made in primary trypsinized chick embryo fibroblast cultures in Petri dishes.
Treatment of cells with u.v. Seventy-two-hour cell cultures were washed with phosphatebuffered saline (o.o~ M-phosphate buffer, pH 7"2, 0-85 ~ NaC1) and irradiated at room I7-2 temperature with a BUV-3o lamp producing light of a wavelength of 2537 4. The intensity of irradiation was 15"4 ergs mm. -2 sec. -1. In every experiment, immediately after irradiation the cells were washed with phosphate-buffered saline, overlaid with warm medium 199 and incubated at 36 ° for 3o min. After that the medium was removed and the cells were inoculated with the virus.
To measure the synthesis of macromolecules the unirradiated and u.v.-irradiated cells were incubated for I hr in medium 199 containing [14C]thymidine (0.6 #c/ml.) or [14C]uridine/ (o'4 #c/ml.).
The reproduction of virus was measured by inoculating the cells at a multiplicity about z to 5 p.f.u./cell. After adsorption for r hr at 23 ° the virus was removed, the cell sheet was washed with phosphate-buffered saline and medium I99 was added. Some of the cultures were frozen immediately; the rest were incubated at 36 ° for Io hr, frozen, and then virus was titrated in all cultures.
Preparation of purified radioactive fowl plague virus. Seventy-two-hour cultures of chick embryo fibroblasts in Roux bottles were inoculated with fowl plague virus at a multiplicity of o.o~ p.f.u./cell. One hundred ml. of medium 299 without uridine was added to each infected culture together with 2o #c [laC] uridine (specific activity 6.o #c/m-mole). The cultures were incubated at 36 ° for 48 hr. Then the remaining cells were mechanically detached from the glass and the virus-containing fluid was clarified by centrifugation (I5oog for 25 rain.). The sedimented cells were washed with phosphate-buffered saline, resuspended in a small volume of hypotonic buffer solution and disrupted in a glass homogenizer. Cell debris was removed by centrifugation (3ooog for I5 min.), and the supernatant fluid was pooled with the clarified virus-containing fluid. The virus was sedimented by centrifugation at 57,ooog for 6o min., the pellet resuspended in tris+HC1 buffer (0.02 M-tris+HC1, pH 7'4, NaCI o.r M, MgCI~ z x lo -z M) and recentrifuged. The sediment was again resuspended in the same buffer and centrifuged in a CsC1 gradient (27 to 35 ~) for z hr at 3o,ooo rev./min. (MSE Superspeed 50 centrifuge; swinging bucket rotor SW 39). The solution of CsC1 was prepared in the same tris + HC1 buffer to which o'33 mg./ml, bovine albumin was added. In the resulting fractions the haemagglutinating activity was determined and fractions with the highest virus content were pooled and desalted in a Sephadex 6-25 column. Fractions with the highest content of infective virus were used in the experiments. This method resulted in virus preparations with an infectivity of to 8"a to IO 9' p.f.u./ml, and a radioactivity of 40,000 to 50,000 counts/min./ml.
The degree of radioactive purity of [14C]fowl plague virus. (A) Treated with nucleases.
To o.2 ml. of purified [l~C]fowl plague virus 0.8 ml. phosphate-buffered saline and 5o #g. RNase or 50 #g. DNase were added. The mixture was incubated at 36 ° for 4o min. Then the material was put into ice and o. I ml. perchloric acid was added. After centrifugation two thirds of the supernatant fluid was carefully removed and the remainder was drained and the sediment dissolved in I ml. of formic acid. Radioactivity was determined in o'5 ml. of every sample. (B) Adsorption to erythrocytes. To 0"4 ml. of fowl plague virus 0.6 ml. cold phosphate-buffered saline and 3 ml. fresh chick erythrocytes were added. The mixture was incubated at 5 ° for 2 hr and centrifuged at 2ooo g for IO rain. at 5 °. After centrifugation half of the supernatant fluid was carefully removed and put on chromatographic paper, and impulses were determined in the scintillation counter. In control experiments ('virus before adsorption') to o'4 ml. virus 0.6 ml. phosphate-buffered saline was added. This mixture was also centrifuged at 2000 g for 2o min. at 5 °. Half of the supernatant fluid was removed and put on chromatographic paper. . After 2 hr incubation at 36 ° the medium was removed, the cells were mechanically detached from the glass, sedimented by centrifugation and washed with phosphate-buffered saline. The nuclear fraction was separated by a slight modification of the method of Busch, Starbuck & Davis (i959). The sediment was resuspended in 3 ml. of hypotonic buffer solution (tris+HC1 o.o~ M; NaC1 o'oI M; MgC12 o"oi5 M, pH 7"2), kept for 5 rain. on ice and broken in a Dounce-type glass homogenizer. Then the nuclei were sedimented by centrifugation (6oog, 5 min.). The nuclear sediment was suspended in 4 ml. of 2 M-sucrose, mixed in a homogenizer and centrifuged at 3%ooo rev./min, for 3o min. (Spinco centrifuge, swinging bucket rotor SW 39). The sediment was suspended in I ml. hypotonic buffer and broken in a Dounce-type homogenizer. When the cytoplasmic fraction was obtained, the cell extract after removal of the nuclei was again centrifuged at 15oog for t5 rain. to remove the membrane debris. To these fractions lo 7 uninfected cells were added, the mixtures suspended in 0"05 M-acetate sodium buffer, pH 5.I, containing o.o~ M-EDTA, and -110 vol. Io ~ sodium dodecyl sulphate was added. Uninoculated cells were added for the purpose of recovering the cellular RNA which acted as a marker in determining the sedimentation constant of virus RNA. After 5 min. of mixing at room temperature, an equal volume of cold phenol saturated with the same buffer was added and mixing was continued for 5 min. at o °. After centrifugation the aqueous phase was removed and the interphase aspirated. To the interphase the acetate-sodium buffer containing EDTA and an equal amount of hot (6o °) phenol were added and mixing continued at 60 ° for another 3 min. The aqueous phases after cold and hot treatment with phenol were pooled, an equal amount of cold phenol was added and mixing continued for 3 min. at o °. After centrifugation NaC1 was added to the aqueous phase to a concentration of o'~5 M. Two vol. of ethanol were then added and the mixture left overnight at -4 o°. RNA was then sedimented by centrifugation, dissolved in buffer solution (tris+HC1 o'o~ M, pH 7"I, o'o~ M-EDTA, o-~ M-NaC1, o'o5 ~ sodium dodecyl sulphate) and centrifuged in a 5 to 20 ~ sucrose gradient prepared in the same buffer (Spinco centrifuge, swinging bucket rotor SW 39; 39, ooo rev./min, for 3½ hr). In control experiments similar studies were made with RNA isolated from the native virus which before recovery of RNA was mixed with uninoculated cells.
Study by gradient centrifugation of the degradation of [I~C]RNA of fowl plague virus in

RNase activity in the nuclear and the cytoplasmic fractions of unirradiated and u.v.-irradiated tissue cultures.
The nuclear and cytoplasmic fractions were separated from the unirradiated and u.v.-irradiated cells two hr after irradiation of cells as described above. For determination of RNase activity, o.2 ml. (containing I.O rag. protein) of the fraction under test was mixed with 0.6 ml. of buffer (o.ol M-tris+HC1, o'r5 M-NaC1, pH 7"4) and 0"2 ml. (containing 20 #g. RNA) of cellular RNA labelled with 14C. The mixture was incubated at 36° for 4 ° rain. and treated with perchloric acid. The sediment was dissolved in formic acid and radio-activity in acid-soluble and acid-insoluble fractions was determined. In control tests instead of the cellular fraction an equal volume of buffer was used.
In all the tests for radioactivity determination samples were put on chromatographic paper and impulses were determined in a scintillation counter USS-I (USSR) using scintillation liquid of the following composition: 4 g-PPO, o.2 g. POPOP in I litre of toluene.
In preliminary experiments we studied the effect of u.v.-irradiation upon the synthesis of macromolecules in chick embryo fibroblast tissue culture. On the basis of these experiments a dose of irradiation (96o erg mm.-2/min. -1) was selected, which completely blocked the synthesis of cellular DNA and inhibited the synthesis of cellular RNA by 9o ~o ~ (Table i) . Irradiated cultures, as in the experiments of Barry (I964) and White & Cheyne (I966) , were unable to support the reproduction of fowl plague virus (Table 0 . Under the same conditions the multiplication of Newcastle disease virus was unimpaired. Since the main experiments of this study were made with purified fowl plague virus, the RNA of which was labelled with [l~C]uridine, special experiments were done to test the radioactive purity of the virus preparations (Table z) . Incubation of purified virus with RNase or DNase did not solubilize radioactivity. When virus was adsorbed to chick erythrocytes 99"8 ~ of the radioactivity was sedimented with the erythrocytes upon centrifugation, indicating a high radioactive purity of the fowl plague virus preparations used in the experiments and the absence in them of labelled admixtures of cellular origin.
In preliminary experiments we studied the fate of fowl plague virus RNA in the cells according to Joklik & Darnell (1961) . After treatment with RNase of the extract of unirradiated cells or u.v.-irradiated cells infected with the virus ([14C]RNA) about 50 ~ of the radioactivity was detected in the acid-soluble fraction. These data suggested that the protein envelope of the virus was destroyed in the u.v.-irradiated cells.
In the next experiments we made a special study of fowl plague virus RNA in the cytoplasm of u. To analyse the fate of fowl plague virus RNA in cell nuclei we made a comparative study of [14C]RNA recovered by density gradient centrifugation from the nuclear fraction of unirradiated and u.v.-irradiated cells infected with fowl plague virus. When sedimentation patterns of the RNA recovered from the native virus and from the nuclear fraction of unirradiated cells infected with the virus were compared a slight shift of radioactivity towards the lighter fractions was observed, even though the peak in the area of I8 to 2os was marked (Fig. 2) . However, almost complete degradation of large fragments of fowl plague virus RNA occurred in nuclei of u.v.-irradiated cells. The nuclear fraction of cells contains ribonuclease (Rott, I954; Siebert et al. I966; I962) , the content of this enzyme in nuclei increasing under certain conditions (Villalobos, Steele & Busch, I965). In the nuclear fraction of u.v.-treated cells the level of RNase activity was 2.1 to 3"I-fold higher than the level of activity of this enzyme in untreated cells (t = 4"I, P < o.oi). The RNase activities of the cytoplasmic fractions did not differ significantly (Table 3 )-
DISCUSSION
Our evidence suggests that u.v.-irradiation of cells does not prevent penetration of fowl plague virus into cells, deproteinization of the virus RNA and penetration of RNA into cell nuclei. However, the virus RNA penetrating into the nuclei of irradiated cells is almost completely degraded. This degradation may be due to increase of RNase activity in the nuclei of irradiated cells which may, in turn, be the cause of the inability of influenza virus to multiply in u.v.-treated cells. Other explanations cannot be excluded, however.
